Moderate to severe atopic dermatitis (AD) has a high disease burden and a significant effect on quality of life. Observational studies are necessary to determine the patient disease burden and long-term disease control in the Japanese population. ADDRESS-J is a non-interventional, observational registry of adult Japanese patients with moderate to severe AD. Herein, we report baseline data from the ADDRESS-J study describing disease characteristics and current treatment practices. At baseline, 300 adult AD patients with Investigator's Global Assessment (IGA) scores (range, 0-4) of 3 (moderate) or 4 (severe) whose treatments for AD were intensified, were assessed for clinical and patient-reported outcomes and current AD treatments. The registry patients' median age was 34.0 years; 60.7% were male and 71.7% had had AD for more than 20 years. At baseline, 220 study patients had an IGA score of 3 and 80 had an IGA score of 4. The median Eczema Area and Severity Index score was 21.7 (range, 0-72), the median body surface area involvement was 46.25%, and the median pruritus numerical rating scale score was 7.0 (range, 0-10); for each of these measures, higher scores represent greater severity. Most registry patients (86.7%) had recently used topical corticosteroids or topical calcineurin inhibitors as treatment for AD. This registry cohort represents a population of Japanese patients with moderate to severe AD and provides an important resource for characterizing the disease burden and evaluating the safety and effectiveness of various AD treatments.
INTRODUCTION
Atopic dermatitis (AD) is a chronic inflammatory skin disease characterized by fluctuating symptoms, including pruritus and eczematous lesions, and occurs most commonly in patients with atopic diathesis. [1] [2] [3] Allergic/atopic (type 2) comorbidities are prevalent in patients with AD; these include asthma, allergic rhinitis, allergic conjunctivitis and food allergy. 3 AD is one of the most common dermatological conditions in Japan, 4, 5 with a prevalence of 6.5% in adults and 11.2% in elementary school children. [6] [7] [8] Patients with AD often experience a high disease burden, with symptoms frequently affecting sleep, quality of life and psychosocial factors. 9, 10 The severity of disease symptoms, particularly pruritus, correlates with poor quality of life and depression, and results in a substantially negative impact on work productivity and day-to-day activities. 11, 12 Recent studies have highlighted the significant disease burden of AD in Japanese patients.
While TCS are a common treatment for AD, many patients have AD that is not adequately controlled with TCS. In a prospective study of patients with moderate to severe AD in Japan, AD symptoms were not controlled by TCS in 7% of infants, 10% of children and 19% of adolescent and adult patients. 14 Moreover, a recent study showed that adherence levels for oral and topical AD treatments are low in Japan. 15 Indeed, many patients with AD have fears of using TCS due to concerns of skin thinning and risks of systemic absorption. 16 While oral corticosteroids are also used as rescue therapy, these agents do not provide complete control of the disease, and they are not advised for long-term use due to safety concerns. 17 To understand the status of current AD treatments, patient disease burden and long-term outcomes of available AD therapies in Japan, large-scale prospective multicenter studies are needed. ADDRESS-J is a non-interventional, observational registry of adult Japanese patients with moderate to severe AD. This paper reports the baseline demographics and disease characteristics of the patients enrolled in ADDRESS-J, and describes current treatment practices for moderate to severe AD in Japan.
METHODS

Registry study design
ADDRESS-J is an ongoing, prospective, non-interventional, observational, longitudinal study to evaluate the real-world effectiveness and safety of existing AD treatments in the longterm management (2 years) of adult patients with moderate to severe AD in Japan, with a particular interest in frequency of flare occurrence. The study period is from July 2016 to July 2019, including a 12-month enrollment period. Patients were enrolled at their baseline visit. Post-baseline assessments are planned for approximately every 3 months over a 24-month observation period (Fig. 1) . Patients are receiving treatment per routine clinical practice and undergo pre-specified clinical observation and assessments at the sites at visit intervals of 3 months.
Study sites
Study sites were categorized as hospitals or clinics. Hospital is defined as a medical office with 20 or more beds for admission, whereas a clinic is defined as one with 19 or fewer beds for admission. In this study, there are 10 hospitals and 20 clinics; all the clinics do not have beds for admission.
Enrollment criteria
The inclusion criteria for study were: Japanese patients aged 20 to less than 60 years who had a diagnosis of AD at least 6 months before the baseline visit and an Investigator's Global Assessment (IGA) score of at least three at the baseline visit. Patients also must have had any of the following treatment changes at the baseline visit: introduction of new AD medications such as topical/oral corticosteroids or topical/oral immunosuppressants (UV irradiation or antihistamine/anti-allergic drugs excluded); change to a higher-potency class of TCS or an increase in the dose of an AD medication (topical/oral corticosteroids or topical/oral immunosuppressants) currently being used; implementation of structured patient education regarding standard care for AD medication (brief instructions on treatment that are usually provided on a routine outpatient basis were not considered patient education); and willing and able to comply with specified study-related procedures (including understanding and answering various questionnaires) for a 2-year observation period. Patients were required to provide signed informed consent. Exclusion criteria included treatment with an investigational drug within 8 weeks before the baseline visit and presence of skin comorbidities that may interfere with study assessments.
Data collection and assessments
Clinical observation and assessments were implemented at baseline (day 1) and every 3 months starting from baseline. The assessments conducted at baseline are presented herein. Enrollment data were collected at the baseline visit, and included confirmation of eligibility, written informed consent and current treatment for AD.
In addition to enrollment information, the following data were collected at baseline: demographics including sex, age, height, weight, education and employment classification; disease characteristics including AD duration and number of clinic or hospital visits for AD treatments in the past year; and medical history of other allergic diseases including history of parents and siblings.
The following clinical and patient-reported measures of AD signs and symptoms were also recorded at baseline: IGA, Eczema Area and Severity Index (EASI), percent body surface area (BSA) affected (%), Dermatology Life Quality Index (DLQI), EuroQOL group health questionnaire with five dimensions (EQ-5D) utility score, EQ-5D visual analog scale (VAS) score, Patient-Oriented Eczema Measure (POEM), pruritus numerical rating scale (NRS) maximum itch intensity in the past week, Figure 1 . ADDRESS-J registry study design. AD, atopic dermatitis; D, day; M, month.
and condition of nodular prurigo. The IGA is a tool for evaluating AD severity and is scored by an investigator or a physician using a 5-point scale: 0 = clear; 1 = almost clear; 2 = mild; 3 = moderate; and 4 = severe. 18 Unless otherwise specified, "moderate" refers to IGA = 3 and "severe" refers to IGA = 4. EASI is scored on a scale ranging 0-72 and includes measures of regional BSA with key signs of inflammation including erythema, induration/papulation/edema, excoriations and lichenification. 19 The DLQI is a practical 10-item questionnaire for clinical use in assessing the impacts of a disease and its treatment on patient quality of life. The DLQI score is calculated by summing up the score of each question, with 30 as the maximum total score. 20 The EQ-5D is a standardized instrument for measuring generic health status, with patient self-assessment of mobility, self-care, usual activities, pain or discomfort and anxiety/depression. 21 The EQ-5D VAS is a patient-reported score of their health on a scale of 0 (worst health) to 100 (best health).
22
POEM is a patient-oriented assessment of disease severity in patients with AD. The questionnaire evaluates seven symptoms of AD (itching, sleep disturbance, bleeding, weeping/oozing of skin, cracking of skin, flaking of skin and dryness/roughness of skin) on a 5-point scale of frequency during the previous week.
The maximum total score is 28. 23 For pruritus NRS, patients report average pruritus intensity (over the last 7 days) using an 11-point scale (0-10, 0 = no itch and 10 = worst itch). 24 Prurigo nodules are hyperkeratotic, excoriated, pruritic nodules commonly associated with AD and chronic pruritus. [25] [26] [27] As there are no standardized prurigo measures, we collected the following exploratory data on prurigo nodules: Presence/absence (0 = absent, 1 = present); number (<10, ≥10 to <100, ≥100); and size of most significant prurigo (diameter) (<2 mm, ≥2 to <4 mm, ≥4 to <8 mm, ≥8 mm). The most recent AD treatments prior to the baseline visit were also recorded at baseline, including medications and procedures. The following information was reported by prescription-based dose adjustment: pre-specified therapeutic class, total dose prescribed, duration of treatment, dosing frequency and reason for prescription. For procedures intended for AD treatment, pre-specified therapeutic class, the date of implementation and the reason for procedure was reported. For patient education intended as standard care for AD, the date of implementation and its reason was reported.
Statistical analysis
A target number of 300 patients was planned for this study. This number allows the average incidence rate of flare to be estimated with a 95% confidence interval of 0.2 times/patientyears, assuming a flare rate of 1.5 times/year within the 2-year follow-up period. The incidence rate of flare is the primary end-point of the study; however, post-baseline data including flares are not reported in this manuscript.
Baseline data were analyzed using descriptive statistics values. Continuous data were summarized using the number of patients observed (n), mean, standard deviation, minimum, median and maximum. Categorical data were summarized using counts and percentages. Missing data were not included. To examine the relationship among continuous variables, Spearman's rank correlation coefficients were used. The statistical package SAS â (version 9.2 or later; SAS Institute, Cary, NC, USA) was used for all analyses.
Ethical and regulatory standards
This study is being conducted in accordance with the principles defined by the 18th World Medical Association General Assembly Declaration of Helsinki and all subsequent amendments. This study is also being conducted in accordance with 'Ethical guidelines for clinical trials in medical research involving human subjects' (established 22 December 2014). 28 The study protocol was reviewed and approved by institutional review boards before the first patient recruitment. All patients provided written informed consent before study procedures were initiated. The study was registered in the University Hospital Medical Information Network Clinical Trials Registry (UMIN-CTR no. UMIN000022623).
RESULTS
Baseline demographics and characteristics
A total of 300 patients were enrolled in the registry between 28 July 2016 and 4 July 2017. The demographics and disease characteristics of the registry patients are listed in Table 1 . At baseline, median age was 34.0 years, the mean baseline body mass index (BMI) was 22.64 kg/m 2 and 60.7% of the patients were male. Among the patients in the registry, the median age of onset of AD was 3 years and the median disease duration of AD was 25.5 years. At baseline, most (73.3%) of the patients had moderate AD: 220 (73.3%) patients had an IGA of 3, 80 (26.7%) had an IGA of 4, and the median total EASI score was 21.7, which is considered severe on the 0-72-point scale. On average, approximately half (46.25%) of the patients' BSA was affected by AD. Patients had a median pruritus NRS for maximum itch intensity of 7.0 (on a scale of 0-10) and a median DLQI score of 6.0 (on a scale of 0-30). The median EQ-5D utility score was 0.8228 and the median EQ-5D VAS score was 70.0. The median POEM total score was 16.0 (on a scale of 0-28). The baseline demographics were similar between the patients visiting the hospital sites and the clinic sites, whereas the patients visiting the hospital sites exhibited consistently more severe AD symptoms than those visiting the clinic sites. Among patients with an IGA of 3, 64% visited a clinic and 36% visited a hospital, while among those with an IGA of 4, 29% visited a clinic and 71% visited a hospital (Table S2) .
Allergic/atopic comorbidities
The allergic/atopic comorbidities of the registry patients are listed in Table 2 . Of the registry patients, 74.3% had allergic/ atopic diseases in addition to AD. The most prevalent current allergic/atopic comorbidities were allergic rhinitis (55.7%), allergic conjunctivitis (23.7%), food allergy (22.0%) and asthma (18.3%). Asthma was more prevalent among patients with moderate AD (IGA = 3) compared with patients having severe AD (IGA = 4), at 20.5% and 12.5%, respectively. In addition, hives (urticaria) were more prevalent among patients with moderate AD compared with patients having severe AD, at 12.3% and 6.3%, respectively, and were more prevalent in females than males (Table S3 ). There was a higher prevalence of food allergy among registry patients with childhood AD onset, compared with those who had adult AD onset (Fig. S1 ).
Prurigo nodules
The prevalence of prurigo nodules is higher with higher disease severity: 30.9% of patients with an IGA of 3 (moderate) had prurigo nodules and 56.3% of patients with an IGA of 4 (severe) had prurigo nodules (Table 3 ). The prevalence of prurigo was different between males and females (46.2% and 24.6%, respectively). Among patients with prurigo, 23.0% had less than 10 prurigo nodules, 60.2% had 10 or more to less than 100, and 16.8% had 100 or more (Table 4 ). The size of the prurigo was related to disease severity: Among patients with prurigo nodules whose most significant nodule was less than 2 mm in size, 10 out of 11 patients had moderate disease severity (IGA = 3) and only one patient had severe (IGA = 4), while among patients whose most significant prurigo nodule was 8 mm or more, seven out of 23 patients had moderate and 16 out of 23 patients had severe AD. While the presence of prurigo nodules did not clearly affect the degree of pruritus NRS scores in this study, we observed a tendency of higher mean pruritus NRS score as the number and maximal size of prurigo nodules increased (Fig. 2) .
Number of physician visits for AD treatments in the past year
Among patients with moderate AD (IGA = 3), 17.3% had 13 or more physician visits within the past year, while 57.7% had five to 12 visits, and 25.0% had four or less visits (Table 5 ). Among patients with severe AD (IGA = 4), 15.0% had 13 or more physician visits for AD in the past year, while 51.3% had five to 12 visits, and 31.3% had four or less visits. There was no substantial difference in the number of physician visits for AD treatments in the past year between patients in hospitals and clinics (Table 5 ).
Most recent medication or treatment before baseline visit
Prior to baseline, 86.7% of patients used either TCS or a topical calcineurin inhibitor (TCI) to treat AD (Table 6 ). Among patients using TCS to treat AD, the majority used "very strong" TCS (63.3%), with 21.0% using the "strongest" TCS, 22.7% using a "strong" TCS, 40.7% using a "medium" TCS, and only 2.3% using a "weak" TCS. Overall, 30.7% of patients used TCI. TCS/TCI use was similar between patients with moderate (IGA = 3) and severe (IGA = 4) disease. Among other treatments, 63.3% of patients used a skin moisturizer, 10.7% used a (for consistency with paragraph below) skin protectant, 6.0% used an oral immunosuppressant, 3.0% used an oral corticosteroid, 70.0% used antihistamine/anti-allergic drugs, 4.7% of patients had UV phototherapy treatment and no patients received psychotherapy immediately prior to baseline. A slightly larger proportion of patients with severe disease than with moderate disease used a skin protectant (17.5% vs 8.2%), oral immunosuppressant (7.5% vs 5.5%), oral corticosteroid (5.0% vs 2.3%) and herbal drugs (8.8% vs 4.5%). A slightly greater proportion of patients with moderate disease than with severe disease used antihistamines or anti-allergic drugs (73.2% vs 61.3%, respectively) and UV phototherapy (6.4% vs 0%).
Interrelationships among multiple disease measures from both physicians' and patients' perspectives
A correlation analysis provided insight into the interrelationships between clinical and patient-reported disease measures (Figs 2-4 ). Physician's assessments of AD severity by EASI and BSA showed associations with AD severity measured by IGA. For patients with an IGA of 3, the median EASI score was 18.00 and the median BSA was 38.70; among patients with an IGA of 4, the median EASI score was 40.75 and the median BSA score was 78.50, whereas patients' assessments of disease symptoms and quality of life by DLQI, POEM, EQ-5D and pruritus NRS did not clearly associate with disease severity by IGA. Some patients with an IGA of 3 had poor POEM, EQ-5D and pruritus NRS scores, whereas some patients with an IGA of 4 had better results in these self-assessment scores (Fig. 3) . Eczema Area and Severity Index score and BSA percentage involved were markedly correlated, confirming that they are mutually dependent variables. There were positive correlations between POEM and DLQI (r = 0.65), pruritus NRS (r = 0.61), EASI (r = 0.51) and BSA (r = 0.40). There were also positive correlations between pruritus NRS and DLQI (r = 0.56), EASI (r = 0.42) and BSA (r = 0.34). These correlation profiles show that patients with worse POEM and pruritus NRS scores had worse quality of life as assessed by DLQI, and tended to have greater severity of disease, as assessed by EASI or BSA; but some of them had milder severity of disease, concordant with the previous observations (Fig. 4) .
Biomarkers
Biomarker results were collected if the data were available in the medical records. In general, the levels of AD biomarkers thymus and activation regulated chemokine (TARC), eosinophils, immunoglobulin (Ig)E and lactate dehydrogenase (LDH) related with disease severity, measured by IGA (Table S4 ; Fig. S2) . The median TARC level was 1565.0 pg/mL in patients with moderate AD and 3943.0 pg/mL in patients with severe AD. The median eosinophil count was 575/lL in patients with moderate AD and 1062/lL in patients with severe AD. The median IgE level was 1908 IU/mL in patients with moderate AD and 8772 IU/mL in patients with severe AD, and the median LDH level was 275.0 and 325.5 IU/mL, respectively.
DISCUSSION
The baseline data from the ADDRESS-J registry provide important information on the current demographics and disease characteristics of Japanese adults with moderate to severe AD, while also reporting recent treatments and allergic comorbidities. The registry includes patients undergoing treatment intensification and IGA scores equal to or higher than 3, in order to measure long-term control of symptoms. Such longterm observational studies are essential for capturing long-term data on treatment practices and their real-world effectiveness. This observational study uses multiple standard outcome measures for AD, including assessments of clinical signs by IGA, EASI and BSA, and patient-reported outcomes including Subgroup analyses of AD characteristics by age of onset and presence of allergic comorbidities provide valuable information about the different presentations of AD and the relationships between different disease measures. A recent study found no significant difference in sex, family history, BMI or EASI between patients with childhood-onset AD and patients with adult-onset AD; however, there were differences in the rates of food allergy and age of AD onset. 29, 30 Similar findings of higher prevalence of food allergy among patients with childhood-onset compared with adult-onset AD were observed in the ADDRESS-J cohort, suggesting that it is representative of the general AD patient population. Among ADDRESS-J patients, a history of asthma was more prevalent in patients with moderate AD compared with those having severe AD, suggesting that severe AD may not involve airway comorbidities as much as moderate AD does. Hives were also more prevalent among patients with moderate AD compared with patients having severe AD. There are conflicting reports as to whether the severity of AD is associated with increased asthma and other allergic comorbidities. 13, 31, 32 This could be partially attributed to the differential definitions of severity employed in each analysis. Further investigations are required to clarify the relationship among the extent of skin sensitization, AD severity and other allergic comorbidities. We and others recently observed a similar tendency in which the prevalence of atopic comorbidities such as asthma and rhinitis in AD patients does not significantly increase with the severity of AD in population-based surveys in Japan 13 and the USA. 9 In children with AD, there is a population-based report that AD severity influences the prevalence of asthma, allergic rhinitis and food allergy, as well as severity of those comorbidities. 33 The present study did not collect severity information for such comorbidities, which is a limitation. However, even in the aforementioned pediatric study, overall allergic rhinitis within the past 12 months was not associated with the severity of AD. 33 The prevalence of comorbidities may vary between children and adults, and among the severity stratum of comorbid diseases. Furthermore, severe AD patients may be treated with some systemic therapy, resulting in the alleviation of other atopic comorbidities. More studies are obviously needed to determine the relationship between the severity of AD and prevalence and severity of atopic comorbidities. Unlike what we observed with atopic comorbidities, a larger proportion of patients with severe AD tended to have prurigocompared with patients with moderate AD -as both the size and prevalence of prurigo increased with disease severity. Among ADDRESS-J patients, prurigo was more prevalent in males than in females. According to a study of dermatological disorders in Japan, 4 among Japanese patients, males have a higher prevalence of prurigo than females. This difference we observed in prevalence of prurigo nodules between males and females was in the proportion of patients with more than 100 prurigo nodules (higher in males), and in the proportion of patients with prurigo nodules having a diameter larger than 4 mm (also higher in males). Mechanistically, one may postulate that patients with a larger prurigo burden exhibit higher pruritus NRS scores, which induces more scratching behavior and results in more prurigo. Existence of prurigo per se is not related to baseline pruritus NRS score. According to Japanese AD treatment guidelines, 2,3 the current standard medicinal therapies for AD include TCS and TCI as the main treatment for inflammation, with topical application of emollients for treatment of skin barrier dysfunction as basic care, and systemic antihistamines and anti-allergic drugs as adjunctive treatments for pruritus. Herbal treatments (Kampo medicine) are advised as last-resort treatment for patients whose symptoms are uncontrolled with more conventional therapies. The prevalence of treatments among registry patients well reflects these treatment guidelines.
Generally, at baseline, there was no obvious difference in most recent drug treatments between the patient populations with moderate versus severe AD. There were, however, minor differences in the use of oral immunosuppressants and oral corticosteroids, but it is unclear whether this was ongoing treatment for chronic disease or whether these were treatments for recent flares. The percentage of patients prescribed oral corticosteroids for AD was low (3%), as these are not recommended for long-term use due to severe side-effects. 2, 3 It is possible that patients with a high number of visits for treatment per year are undergoing phototherapy treatment as this requires frequent visits, 34 which is another example of higher burden on these patients. The number of patient visits for AD treatment in the past year was similar between hospitals and clinics, suggesting that patients utilize both types of medical institutions at an approximately equal rate for AD treatment. Information about correlations between different disease measures may help in monitoring long-term control of AD; for example, identifying consistent positive correlations between two disease measures may help determine effectiveness of treatments long term. The correlation analysis of the baseline data potentially highlights a gap in perception between physicians and patients, as there is some apparent inconsistency between objective disease severity and patient-reported outcomes. 35 Physician's assessments of AD disease severity such as EASI and BSA showed a clear association with AD severity (determined by IGA), while DLQI, POEM, EQ-5D and pruritus NRS did not show such an association, reflecting that some patients with moderate AD have impaired quality of life, while others with severe AD have better quality of life. This could be explained by patient-to-patient variation of objective, patientreported observations of disease symptoms, or it could indicate that patient-reported disease severity is independent of physician-assessed measures. For example, some patients may assess their quality of life independently from their symptoms. 36 These discrepancies highlight the importance of the Harmonising Outcome Measures for Eczema (HOME) initiative to include multi-modal evaluation aspects in long-term disease control. The HOME initiative is a global initiative of patients and health-care professionals that aims to standardize the outcome measures in patients with AD in clinical trials and in clinical practice, including clinical signs, symptoms, quality of life measures and long-term control of symptoms. [36] [37] [38] [39] This study may be limited by recall bias in patient-reported data. Outcome differences between sexes may be confounded due to recall and reporting bias between males and females, 40, 41 and in general recall bias may also affect comorbidity and onset analyses. For example, the higher prevalence of adult-onset AD versus childhood-onset AD in this study could be due to transient remission after infancy in some cases that were self-reported as "adult-onset" as up to 70% of children diagnosed with AD under the age of 2 years undergo spontaneous remission of their disease. 42 There is also potential bias with the biomarker data (TARC, IgE, eosinophils and LDH) because only patients with more severe AD might be examined for these indices. Subgroup analysis is required for the population who has baseline biomarker data. Also, not all of the data for eosinophils were available at baseline.
In conclusion, the ADDRESS-J Japanese registry cohort represents a population of patients with a long duration of AD undergoing a variety of treatments, providing an important resource for characterizing the disease burden of AD in Japan. The baseline data from this study indicate that among Japanese adults with moderate to severe AD, most have had AD since childhood, and the burden presented by their disease symptoms affects their quality of life independently of disease severity. This population has severe AD symptoms according to patient-reported measures such as POEM score and pruritus NRS for maximum itch intensity, and clinical measures such as EASI total score. The results of the long-term analysis from ADDRESS-J will provide further insight into the safety and effectiveness of various treatments for adult patients with moderate to severe AD.
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